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BIPOLAR PLATC :-SVSTEM for use in ELECTROTHKMTrAT. HyT 

This invention is concerned with electi:wies^ in particulor a bipolar plate- 

S electrode system for use in electrochemical cells. 
Electrochemical cells presently in iise for industrial purposes are mostly of 
the bipolar filter ^}ress lype. They comprise essentially a series of alterna- 
ting electrodes and ion^Dermeable membranes fbrmlng relatively thin 
anode and cathode compartments. One such compartment is comprised 

10 between an ion-permeable membrane at one side and an impermeable 
mechanical separation plate at the other side. Working electrodes, uaialfy 
in the fbrm of perjfarated metal plates, are kept in intimate contact with 
the ion^permeable membranes* 

iSThe working electrodes at both sides of the impermrable separation plate 
are electrical^ cozmected with each other and with the separation plate, 
which in the usual electrochemical cells is a metallic plate. Hence they are 
at the same potential. Wth respect to the proceeding and the subsequent 
electrode pair, they are at a higher, respectively lower potential and 

20 consequently one acts as an anode, the other as a cathcxie. 

The overall construction of an electrochemical cell of this type is that of a 
filter-press and in general it is refisrred to as afilter^iress-type bipolar 
cell. Bf means of an appropriate system of inlets and outlets, a constant 
25 flow of electro^te fluid can be maintained in the anode and cathode 
compartments. The rraction products formed therein can be constant^ 
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removed and transported to separate containers. In 
electrolysis, the electrolyte is an aqueous metal hydroxide solution, vAUe 
hydrogen is produced at the cathode and oxygen at the anode. 
Intermixture of both gases must be absolutely prevented.in order to 
S preserve their cheinicdpuriV but also to avoid the formation of explosive 

oj^en-hydrogen mixtures. 

In eiusuel construction, one unit of a filter-press type bipolar cell 
comprises the foUoviring elements; 



10 



A semi-permeable separation vmU, acting as so. ion-permeable 
membrane which vrill allow the passage of ions and hence secure 
electrical conductivitywhile preventing the passage 
of the formed reaction products or reagents, in particular gases. 



IS 



Materials currently used in semi-permeable separation walls comprise, 
for example, ad»stos, inorganic materials such as oxides and 
l^nlroxides- of wious metals like Zirconium, Titanium, Antimony eto, 
iarganic wetting agents and organic polymers, nickel gaize, organic ion 
20 exchai^e potymers, etc. 

b. Aworking electrode which is kept in close contact with the ion- 
permeable separation waU.Usually the working electrode consists of a 
perforated or porous plate, made of an electrically conducting material 
26 which may optionally be covered with an electrocatafyst. 

The electrode must be suffidentty inert under the often agressive con- 
ditions wherein the cell is used (high concentration of acids or bases, 
high temperatures eto.) The predominantly used material for working 
electrodes in basic solution is nickel or nickel coated plated iron, vAile 
30 in acid solution electrodes oflead or lead oxide are generally preferred. 



c. 



A mechanical separation plate vAich separates an anodic and a cathodic 
compartment and vAich aUows the working electrodes to be at the 
same potential. This plate is usually referred to as a bipolar plate. 
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In most of the filter-press electrochemical cells presently in use, the 
bipolar plates are m«de of metal. Electrical contact with the working 
electrodes is secured by inserting optionally flexible connecting 
elements between the bipolar plate and the working electrode. For 

S ' optimal electrical contact, it is desirable to here the coimecting 

elements, e^. metal rods, fused or spotwelded on the bipolar plate and 
the working electrode. In a different set-up, the bipolar plate Itself is 
pressed to take a tri-dimentional fbrm with cams or points 
protuberating towards the working electrode at both sides of the 

10 J bipolar plate;. 

In U.S, Patent Specification No. 3,849.279 there is described an 
electrotytic filter-press cell Sdt the production of chlorine from aqueous 
alkali metal chloride solution wherein the metal anode and cathode of 

IS adjacent cells are in direct electrical coimection with each other and 
said anode and cathode are mfirinffflned in spaced relationship by an 
electrically inert cell wall or barrier between them. According to the 
disclosure, the electricalfy inactive cell wall or barrier is made of a 
thermoplastic material, in particular a polyolefine. In order to prevent 

20 electrolyte and gas flow thraigh the barrier, the metal nxi coimectors 
provided with a valve metal circumferential restraining flange, 
positioned subfftqmtifllly ^iidiigt'^t firom each end of the said rod. The 
latter aspect renders the production of such cells both technically 
complicated and expensive. 

In German Ofifenlegungsschrift No. 260034S, there are disclosed 
fllter^wress type electrolytic cells wherein the separation walls between 
two units consist of an electrically insulating material which is flirther 
specified « being e^. a plastic or adDestos cement. In practice, plastics 
30 turn out to possess insufficient strength, particular^ at elevated 
temperatures while asbest os cement is che m ical^ not sufficiently 
stable. 

d. Periferal structural and packing material containing openings 
35 provide an in- and outlet system whereby, in the case of electrolytic 
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flosw out into separate collectors. 

^Tswnsa or c^^. "--^^ 

disassembiy of the cells. 

'\ a» pr«ent:im««on there p««ded. peracdar 

efficient M op«^ «id«teb 

d,emicdhrst*tethermo»ttttgpotpiwcontaiim«»setofel^^ 
^^ele««i..exteadingtoba*s.d«ofthepI^ande«*hsh^ 

ateriate contact with the adjacent vmridng electrodes. 

20 in a preferred en^bodiment, the enter region o» the bipcl«: plate la sh^ 
ach as to form at the same Hn^ a p«:king element, containing 
appropriate openings tor the in- and oatlet :5istem. 

i^athe«ncsetangf«lymericm..eridt=pro*^then^oftbe 

2S plate, thereaS c«ib.us«l -yiype otth«™set.ing pol;^ 
Leh h« sufadent mechanical ..^gth and is »iiioientty cher^ 

ft^tund.rtheconditi.fflsofoperaiingthecell.and'rtnchinthe 
„:apotenerisedibrmh.sq.propriateflowSffltytoadeqi>ate^rseal^ 
JXaricalfyconnecting elements. B»mples of snch thermosettmg 

30 materials arephenol-famaldel^de resins, aminoplastshte 

a«*rmddehyde and metaine*rmddel9de resins, tridimens^m^ 
po^,^ including all^fd resins «id nns.tur.ted po^nKteis, and ep^ 

resins. 

36 Amongst the firegoing, eixMcy resiiis a^^ 

example, excellent results ha^ been obtained ^th epoxy resins made 
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aroileble by Emerson end Comings under the tredenome STVCAST 26S 1 
MMoising catalyst 9 orll. 

In principle the thermosetting materials can be incorporated into the 
S bipolar plate under the molding p rocess or they may be inserted 

afterwards in holes spared or cut out in the pre-molded plate. Preferabfy 
the connecting elements are in co rpo rat ed into the plate during the 
mnldlTig process since this is the easiest and most effective wey of securing 
a tight closure around the connecting elements. 

10 

It has indeed been fijund that/ unlite with other construction elements 
such as thermoplastic materials, thermosetting materials exert a much 
more efficient and i r r ev e r s i ble closure around the electrically connecting 
elements, thus securii^ the absence of any undesirable leaks whithout a 
16 need for special measures. Consequently, the material lends itself 
espccialty for the construction of cost-efficient electrolytic cells. 

The connecting elements may take msy form which allows a aiitable 
electrical connection between the working electrodes while leacrtng 

20 sufficient space for the flow of electrotyte through the electrode 

compartments. In a simple end convenient embodiment, the con n ecting 
elements consist of cylindrical or other prismatically shaped rods 
extending through the separation plate. If desired this profile maybe 
somewhat modified, e.g. to increase the surfiace area which is in contact . 

2S with the working electrodes or to prevent sliding of the rods in the mass 
of the separation plate. 

The connecting elements maybe constituted of one single piece and, 
optionalty, more than one or even all of the connecting elements of a 
30 particular sep ar ation plate may be unified in a particular trid im ensional 
structure which lends itself to incorporation into the potymeric mftss of 
the s e paration plate. iUtemativety, a particular connecting element majrbe 
comp os e d of more th 'm one piece, joined together by conventional means, 
04, by screwii^, clamping, rivettii^ etc. 
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^ elements (f*^^^ ^ 

IDS cou" fl«rihle structure in order to adapt 

letotweiy soft defbrnwbte mesme fflstorid 

TOSsible to use minimal or even no pa^noi^ ^»i,« Vri«,lfir 

electrode and the im^pemrf3tame«b««^Ho^^ 
tooto« cont«* 1-tw.en the lartpterd region of Ite tapowp 

^rlner ring of a^it^le n^wWch -^-^ 

rrt^::^::^»^"^-^,her. 

mayJacarsvan^cuwa i ^-^^ Urftferdilv. both are made 

a more flexible material the peripheral nng . Preferebljr, tx«n 

of the same structural material. 

lnoriertoeniae.coo,t»tflo-otelec.ro^^intottel.dt^ 

,,U,oi^Il-rtpher.lp«t,ot.h.bipol»P«-»d-^^ 
be fc^ 'rtth wroprt-etr i»s,ti0Bed openiiiff 

3g form an inlet and outlet ^rstem. 
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A schematic representation of a bipolar plate electrode system according 
to the invention will be found In Figures I (frontvlew) and II (section) 
>x*erein 1 is a bipolar plate, made of a thermosetting resin^ 2 are 
electrically conducting studs (rods) extending through the bipolar plate 
S and kept in contact with the perforated electrodes 3; the elefment 4 is the 
peripheral structural ring containing sparings 6 and 6 for the in- and outlet 
system* 

The bipolar plates according to the inventiGn can be used in 
10 electrochemical cells for use in various apphcations e.g. electrolytic cells 
and fixel cells or batteries. Examples of electrofytic cells are cells for the 
production of chlorine and particularly water electrofysis cells where 
hydrogen is ftjrmed in the cathodic and oxygen in the anodic 
compartments. The Figures attached to this description are meant to 
IS illustrate and not to limit the scope of the invention. 
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1 
2 
3 



6 material. 

i! 4. A«pol« Plata «xordiBg to ^ one cfdai^ land 2^ 

IS coDnecHng elements aretodble metallic elements. 

i? 5. A bipdar pl«te accordins to a^ one of claims 1 tc 4 fcr M a the 

18 hydrolysis of vrator. 

20 6. A bipolar plate .cording to «9 one of ddm. 1 to 4 to u» in the 

21 production of chloriaoe. 
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A 

Section A-B 




Figure I 



Figure II 
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